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(54) Tide: PREPARATION OF CHIMAERIC ANTIBODIES USING THE RECOMBINANT PCR STRATEGY 

(57) Abstract 

The invention relates to a method of producing a 
chimaeric antibody in which the CDR of a first antibody 
is spliced between the framework regions of a second an- 
tibody. The method is performed using a template com- 
prising two framework regions, AB and CD, and be- 
tween them, the CDR which is to be replaced by a donor 
CDR. Primers A and B are used to amplify the frame- 
work region AB, and primers C and D used to amplify 
the framework region CD. However, the primers B and 
C also contain, at their 5' ends, additional sequence 
corresponding to all or at least part of the donor CDR 
sequence. Primers B and C overlap by a length suffident 
to permit annealing of their 5' ends to each other under 
conditions which allow a polymerase chain reaction to 
be performed and thereby incorporate all of the donor 
CDR sequence. The amplified regions AB and CD may 
undergo splice overlap extension to produce the chima- 
eric product in a single reaction. 
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Preparation of chlmaeric antibodies using the recombinant PGR strategy 

The present invention relates to the preparation of 
5 chimaeric antibodies. The invention is typically applicable 
to the production of humanised antibodies. 

Antibodies typically comprise two heavy chains linked 
together by disulphide bonds and two light chains. Each 

10 light chain is linked to a respective heavy chain by 
disulphide bonds. Each heavy chain has at one end a 
variable domain followed by a number of constant domains. 
Each light chain has a variable domain at one end and a 
constant domain at its other end. The light chain variable 

15 domain is aligned with the variable domain of the heavy 
chain. The light chain constant domain is aligned with the 
first constant domain of the heavy chain. The constant 
domains in the light and heavy chains are not involved 
directly in binding the antibody to antigen. 

20 

The variable domains of each pair of light and heavy 
chains form the antigen binding site. The domains on the 
light and heavy chains have the same general structure and 
each domain comprises a framework of four regions, whose 

25 sequences are relatively conserved, connected by three 
complementarily determining regions (CDRs) . The four 
framework regions largely adopt a beta-sheet conformation 
and the CDRs form loops connecting, and in some cases 
forming part of, the beta-sheet structure. The CDRs are 

30 held in close proximity by the framework regions and, with 
the CDRs from the other domain, contribute to the formation 
of the antigen binding site. CDRs and framework regions of 
antibodies may be determined by reference to Rabat s£ al 
("Sequences of proteins of immunological interest" US Dept. 

35 of Health and Human Services, US Government Printing Office, 
1987) . 
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The preparation of an altered antibody in which the 
CDRs are derived from a different species to the variable 
domain framework regions is disclosed in EP-A-0239400. The 
CDRs may be derived from a rat or mouse monoclonal antibody. 
The framework of the variable domains, and the constant 
domains, of the altered antibody may be derived from a human 
antibody. Such a humanised antibody elicits a negligible 
immune response when administered to a human compared to the 
immune response mounted by a human against a rat or mouse 
antibody. Htunanised CAMPATH-l antibody is disclosed in EP- 
A-0328404. 



The te^nigue of "overlap extension" involves the use 
of oligonucleotide primers complementary to a t^plate 
nucleotide sequence and the polymerase chain reaction (PGR) 
to generate DNA fragments having overlapping ends. These 
fragments are combined in a "fusion" reaction in which the 
overlapping ends anneal allowing the 3' overlap of each 
strand to serve as a primer for the 3' extension of the 
complementary strand. Ho ^ f Sana . 77 . 51-59 (1989)) 
describe the use of this technique to introduce specific 
alterations in a nucleotide sequence 1^ incorporating 
nucleotide changes into the overlapping oligo primers. 
Using this technique of site-directed mutagenesis, those 
variants of the mouse major histocompatibility complex 
class-I gene were generated cloned and analysed. 



Horton s£ ai fGene. 22 61-68 (1989)) describe a 
technique of gene splicing by overlap extension (SOE) . The 
technique allows the production of a hybrid length of DNA, 
AD, by splicing two pieces of DNA, AB and CD, which are 
produced by a PCR using primers A, B, C and D. At least 
part of the primers B and C are complementary to each other. 
The fragments AB and CD produced by PCR are mixed to allow 
the positive strand of AB to anneal to the negative strand 
of CD. The overlap between B and C allows the two strands 
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to prime extension of each other. Primers A and D are used 
to prime a PGR reaction of the extended strands. 

The above technique was used to splice a portion (CD) 
5 of the mouse H-2K*' gene between upstream and downstream 
regions (AB and EF respectively) of the corresponding 
upstream and downstream parts of the gene. All three 

fragments^ AB, CD and EP were produced by PCR, using primers 
A to F. The three fragments were joined by two rounds of 
10 SOE, the first one producing a fragment AD (ie. AB-CD) and 
the second producing the product AF (ie. AB-CD-EF) . 

According to the present invention, a method has now 
been devised of producing a chimaeric antibody in which the 
15 CDR of a first antibody is spliced between the framework 
regions of a second antibody. 

In general, the technique of the present invention is 
performed using a template comprising two framework regions, 
AB and CD, and between them, the CDR which is to be replaced 
by a donor CDR. Primers A and B are used to amplify the 
framework region AB, and primers C and D used to amplify the 
framework region CD. However, the primers B and C also 
contain, at their 5' ends, additional sequence corresponding 
to all or at least part of the donor CDR sequence. Primers 
B and C overlap by a length sufficient to permit annealing 
of their 5' ends to each other under conditions which allow 
a polymerase chain reaction (PGR) to be performed and 
thereby incorporate all of the donor CDR sequence. The 
amplified regions AB and CD may undergo SOE to produce the 
chimaeric product in a single reaction. 



20 



25 



30 



35 



According to one aspect the present invention provides 
a method for producing a double- or single-stranded DNA of 
formula 
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5' F1-M-F2 3' 

encoding an antibody chain or fragment thereof in which at 
least one of the complementarity determining regions (CDRs) 
5 of the variable region of the antibody chain is derived from 
a first mammalian antibody, and the framework of the 
variable region is derived from a second, different 
mammalian antibody, wherein H comprises DNA encoding a CDR 
of the second antibody and Fl and F2 encode sequences 
10 flanking M, which method comprises; 

(i) preparing a single-* or double-stranded DNA template of 
the f 03naula 

15 5' fl-H-f2 3' 

wherein H comprises DNA encoding a CDR of a different 
specificity from H and fl and £2 are substantially 
homologous to Fl and F2 respectively; 

20 

(ii) obtaining DNA oligonucleotide primers A, B, C and D 
wherein 

A - comprises a sequence a^ which has a 5' end 
25 corresponding to the 5' end of Fl and which is 

identical to a corresponding length of the sequence 
Fl, 



30 



- is oriented in a 5' to 3' direction towards H; 
B consists of the sequence 

5' b*-b^ 3' 

35 wherein 

- b' comprises a sequence complementary to a 
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corresponding length of M and has a 3' end which is 
complementary to the 5' end of M, and 

- is complementary to a sequence of corresponding 
length in Fl and has a 5' end which starts at the 

5 nucleotide complementary to the 3' end of Fl; 

C consists of the sequence 

5' c*-c* 3' 

10 

wherein 

- c' comprises a sequence identical to the corresponding 
length of M and has a 3' end which corresponds to the 
3' end of M, and 

15 - c^ is identical to a sequence of corresponding length 

in F2 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end of F2; 

comprises a sequence d' which has a 5' end 
complementary to the 3' end of F2 and which is 
complementary to a corresponding length of F2, and 
is oriented in a 5' to 3' direction towards H; 

and wherein and c' overlap by a length sufficient to 
25 permit annealing of their 5' ends to each other under 
conditions which allow a PGR to be performed; 

(iii) performing, in any desired order, PGR reactions with 
primer pairs A,B and G,D on the template prepared in 

30 (i) above; and 

(iv) mixing the products obtained in (iii) above and 
performing a PGR reaction using primers A and D. 



D - 

20 



35 



The oligonucleotides may be of any convenient size. 
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Preferably Fl and F2 each encode at least one hiixnan 
antibody framework region and optionally further CDRs. 
Preferably H encodes a CDR of said first antibody. 
Preferably M encodes a non*human CDR region, most preferably 
5 a murine or rodent CDR. 

Primers A and O will usually be at least 12, for 
example at least 15 nucleotides, and more usually from 20 to 
30 nucleotides in length. If desired primers A and D may 

10 contain at least one restriction endonuclease recognition 
site within nucleotides of their 5' ends. Primers B and C 
will usually be at least 20, for example at least 30 
nucleotides in length. More usually, these primers will be 
over 40, for example 45 to 60 nucleotides long. It is 

15 generally possible to synthesise oligonucleotides of up to 
200 nucleotides in length. Generally primers A, B, C and D 
will thus each be from 15 to 200 nucleotides in length. 

The length of overlap between b^ and c' may depend on 
20 a number of factors, including the total length of B and C 
and the particular base composition of the region of the 
overlap. However, the overlap will usually be at least 12, 
for example at least 15, nucleotides. According to one 
embodiment, the sequences b^ and c* within the primers B and 
25 C are the same number of nucleotides in length. In a 
preferred embodiment of the invention b^ and c^ are both the 
length of M and thus the overlap is also this length. 

Usually, the distance between the 3' end of primer A 
30 and the 5' end of H will be at least 15 nucleotides. More 
usually, the distance will be the length of fl minus the 
length of A itself. Similarly, the distance between the 3' 
end of D and the region H will also be at least 15 
nucleotides, and more usually the length of f2 minus the 
35 length of D itself. According to one embodiment the 
sequences a^ b^, c^ and d' of primers A, B, C and D 
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respectively are each from 15 to 30 nucleotides in length. 

It will be appreciated that the entire sequence of M 
and the 5' and 3' regions of Fl and F2 will be determined by 
5 the sequence of the primers A, B, C and D. 

It is therefore considered inappropriate in this 
situation to refer to "homology" between these primers and 
any parts of the sequence Fl, M or F2. Instead, the term 
0 "corresponding length" as used herein means a sequence of 
the same ntimber of nucleotides and with the identical (or 
complementary ) sequence • 

With reference to step (i) above, the sequences fl and 
5 f2 will be substantially homologous to Fl and F2 
respectively in that the primers A to D may be used to 
introduce minor changes to f 1 and f 2 in the regions of these 
primer sequences. 

0 The regions Fl and F2 comprise DNA encoding at least 

part of the framework regions either side of the CDR M. Fl 
and F2 may also encode regions flanking these sequences, for 
example into and beyond DNA encoding further CDRs. 

5 According to another aspect, the present invention 

provides an oligonucleotide 30 to 110 nucleotides in length 
which consists of the sequence: 

5' o*-o^ 3' 

0 

wherein o" comprises at least 15 nucleotides of a sequence of 
a CDR region of non-human origin and o^ comprises at least 15 
nucleotides of a framework region of human origin. This 
oligonucleotide is suitable for use as a primer in the 
15 process described above. 
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According to a still further aspect, the present 
invention provides a method for producing a doiible- or 
single-stranded DNA of formula 

5 5' P1-M1-F2-M2-F3-M3-F4 3' 

encoding an antibody chain or fragment thereof in which the 
three complementarity determining regions (CDRs) of the 
variable region of the antibody chain are derived from a 

10 first mammalian antibody, and the four framework regions of 
the variable domain are derived from a second, different 
mammalian antibody, wherein Ml, M2 and M3 comprise DNA 
encoding CDRs of the second antibody and Fl, F2, F3 and F4 
comprise framework sequences flanking the CDRs Ml, M2 and 

15 M3, which method comprises; 

(i) preparing a single- or double-stranded DNA template of 
the formula 

20 5' fl-Hl-f2-H2-f3-H3-f4 3' 

wherein HI, H2 and H3 comprises DNA encoding CDRs of 
a different specificity from Ml, M2 and M3, and fl, 
f2, f3 and f4 are substantially homologous to Fl, F2, 
25 F3 and F4 respectively; 

(ii) obtaining DNA oligonucleotide primers A, B, C, D, E, 
F, 6 and H wherein 

30 A - comprises a sequence a' which has a 5' end 
corresponding to the 5' end of Fl and which is 
identical to a corresponding length of the sec[uence 
Fl, 

- is oriented in a 5' to 3' direction towards HI; 

35 

B consists of the sequence 



wo 92/07075 



PCT/GB91/01744 



9 

wherein 

- comprises a sequence complementary to a 
5 corresponding length of HI and has a 3' end which is 

complementary to the 5' end of Ml, and 

- b2 is complementary to a sequence of corresponding 
length in Fl and has a 5' end which starts at the 
nucleotide complementary to the 3' end of Fl; 

10 

C consists of the sequence 

5' c"-c^ 3' 

15 wherein 

- c^ comprises a sequence identical to the corresponding 
length of HI and has a 3' end which corresponds to the 
3' end of HI, and 

* c^ is identical to a sequence of corresponding length 
20 in F2 and has a 5' end which starts at the nucleotide 

corresponding to the 5' end F2; 

O consists of the sequence 

25 5' d*-d* 3' 

wherein 

^ 6} comprises a sequence complementary to a 
corresponding length of M2 and has a -3' end which is 
complementary to the 5' end of M2, and 

- d^ is complementary to a sequence of corresponding 
length in F2 and has^a 5' end which starts at the 
nucleotide complementary to the 3' end of F2; 

E consists of the sequence 



30 



35 
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5' 3' 

wherein 

- e* comprises a sequence identical to the corresponding 
5 length of M2 and has a 3' end which corresponds to the 

3' end of M2, and 

* e^ is identical to a sequence of corresponding length 
in F3 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F3; 

10 

F consists of the sequence 

5' f^-f^ 3' 

15 wherein 

* f^ comprises a sequence complementary to a 
corresponding length of M3 and has a 3' end which is 
complementary to the 5 ' end of H3, and 

- f^ is complementary to a sequence of corresponding 
20 length in F3 and has a 5' end which starts at the 

nucleotide complementary to the 3' end of F3; 

G consists of the sequence 
25 5' g*-g2 3' 

wherein 

- g^ comprises a secpience identical to the corresponding 
length of M3 and has a 3' end which corresponds to the 

30 3' end of M3, and 

g^ is identical to a sequence of corresponding length 
in F4 and has a 5' end which starts at the nucleotide 
corresponding to the 5' end F4; 

35 H - comprises a sequence h* which has a 5' end 
complementary to the 3' end of F4 and which is 
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complementary to a corresponding length of F4, and 
- is oriented in a 5' to 3' direction towards H3; 

and wherein the pairs b' and d^ and eS and and g^ 
5 overlap by a length sufficient to permit annealing of 

their 5' ends to each other under conditions which 
allow a PGR to be performed; 

(iii) performing, in any desired order, PGR reactions with 
10 primer pairs A,B; C,Dj E,F and G,H on the template 

prepared in (i) above to obtain DNA fragments AB, CD, 
EF and GH; and 

(iv) splicing the fragments obtained in (iii) above to 
15 obtain the desired DNA. 

According to one embodiment, F4 comprises the 
framework sequence flanking the CDR H3 and DNA encoding all 
or part of the constant region of the antibody chain. 

20 

Step (iv) may be perfoormed by; 
(iva) mixing fragments AB and CD with primers A and D 
and performing a PGR to obtain a DNA fragment AD; 
(ivb) mixing, before, during or following step (iva) 
25 above, fragments EF and GH with primers E and H 

and performing a PGR to obtain a DNA fragment EH; 
and 

(ivc) mixing fragments AD and EH with primers A and K 
to obtain the desired DNA. 

30 

Alternatively step (iv) may be performed by: 
(iva) mixing fragments CD and EF with primers G and F 
and performing a PCR to obtain a DNA fragment CF; 
and EITHER: 

35 (ivb-1) mixing fragments AB and GF with primers A and F 

and performing a PCR to obtain a DNA fragment AF; 
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and 

(ivc-1) mixing fragments AF and GH with primers A and H 

to obtain the desired DNA; OR: 
(ivb*2) mixing fragments CF and GH with primers C and H 

and performing a PCR to obtain a DNA fragment CH; 

and 

(ivc«^2) iaixing fragments AB and CH with primers A and H 
to obtain the desired DNA* 



10 pescrj,pt:iQn of tfte drawings 

Figure l illustrates a process according to the 
present invention. The dark box indicates DNA sequence from 
a murine CDR region which is inserted between framework 
15 regions of the CAMPATH antibody, replacing the original CDR 
(unshaded box) • A, B, C and D indicate the PCR primers 
used^ with half -arrows indicating their 5' to 3' 
orientation. 

20 Figure 2 shows in detail the key sequences involved in 

the process illustrated in Figure 1. 

Figure 3 is a schematic illustration of how the 
process of the invention may be used to replace all three 
25 CDR regions of an antibody. 

Figure 4 illustrates in further detail one 
configuration of primers which may be used in the present 
invention. 

30 

Possible variations in the Fl and F2 DNA regions are 
apparent by contrasting the embodiments of the invention 
illustrated in Figures 1 and 3. 



35 



In Figure 1, a process according to the invention is 
illustrated showing the replacement of a single CDR DNA. 
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The region F2 in Figure 1 is between primers "C" and "D", 
starting at the 5' end of as defined above to the 
complement of the 5' end of "D". This region encodes a 
total of 3 framework regions, 2 CDRs and the whole heavy 
5 chain constant region incorporating a stop codon within 
primer D. In contrast, the DNA of Fl, 5' to the CDR being 
replaced, contains a single framework and no CORs. 

In Figure 3, the DNA between primers "C" and "D" 
10 encodes a single framework region. This is because the 
process illustrated shows the replacement of all 3 CDRs of 
DNA encoding the variable region of an antibody. With this 
arrangement, it should be noted that primer "D" comprises 
not only the sequence of d' but also additional 5' sequence 
15 encoding part of a second CDR region. 

When the DNA encoding all 3 CDRs of an antibody chain 
is to be replaced, the arrangement of Figure 3 may be used. 

20 Thus, a first set of 4 primers, "A", "B", "C" and "D" 

(as defined above for A, B, C and D) are used to replace all 
of a first CDR (CDRl) and at least part of a second CDR, 
(CDR2) . A second set of primers, "E", "F", "G" and "H" 
(defined as for A, B, c and D respectively) are used to 

25 replace a third CDR (CDR3) and at least part of CDR2. In 
order to ensure the replacement of CDR2, primers "D" and "E" 
must overlap by a length sufficient to permit annealing of 
their 5' ends to each other under conditions which allow a 
PCR to be performed. In essence, replacement of CDR2 is 

30 accomplished by a set of four primers, "C", «d", and 
"F", defined as for A, B, C and D respectively. 

In the embodiment of the invention illustrated by 
Figure 3, fragments AB and CD are annealed to provide 
35 fragment AD, and fragments EF and GH are spliced to provide 
fragment EH. Finally AD is spliced with EH to provide 
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fragment AH, encoding a variable region in which all 3 CDRs 
are replaced. 

other arrangements by which all 3 CDR DNAs may be 
5 replaced in a DNA encoding a variable region using primers 
"A" to "H" as illustrated in Figure 3 include performing 
reactions with primer pairs "A" + "B", "C" + "D", "E" + "F" 
and "G" + "H" as illustrated in Figure 3(1), splicing 
fragments CD and £F together to produce a fragment CF, and 
10 splicing this fragment with either first fragment AB and 
then GH, or vice versa. 

Alternatively, the DNA encoding the 3 CDRs may be 
replaced sequentially. A first reaction using primers "A", 

15 "B", "C" and "H" (as shown in Figure 3 and defined as for 
primers A to D) may be used to replace CDRl, in accordance 
with the present invention. A second set of reactions, 
using pr.imers "A", "E", "D" and "H" (as shown in Figure 3 
and defined as for primers A to D) replaces CDR2. A final 

20 set of reactions, using primers "A", "F", "G" and "H" 
replaces CDR3. 

The primers A and D may also, at their 5' ends contain 
additional sequences which represent, for example, 
25 restriction endonuclease recognition sequences not 
represented in fl or f2. 

The sequences of A and D 5' to a' and d^ will be 
ignored when considering the degree of homology between f 1 
30 and Fl, and f2 and F2. Similarly, if Fl and/or F2 are 
shorter than fl and/or f2 respectively, the additional 
sequences of fl/f2 for which F1/F2 have no counterpart will 
also be ignored when measuring the degree of homology. 

35 All the primers may contain a number, for example 1 to 

10, such as 2 to 5 nucleotide mismatches between the fl/f2 
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sequences and the corresponding or complementary primer 
sequences. These mismatches may be used to design desired 
coding changes in the sequences of Fl and F2 when compared 
with fl and f2. 

5 

The process of the invention may be used to produce a 
chimaeric antibody or fragment thereof in which any one of 
the CDR regions are replaced. It may also be used to 
replace any two, or all three CDR regions of an antibody 
10 variable region. 

The process of the invention may be used to replace 
the DNA encoding one or more CDRs of a complete antibody 
light or heavy chains. Fragments of DNA encoding at least 
15 one CDR region may be used. For example, it is possible to 
produce antibody fragments such as Fab, F(ab)2 or Fv 
fragments, in which the DNA encoding one or both of the 
light or heavy chains has been subjected to the process of 
the invention. 

20 

DNA encoding framework regions and CDRs of antibodies 
will often be present in a vector, for example an expression 
vector. In some cases, it will be necessary or desirable 
that one or both of the primers A and D (or at least their 
25 regions a' and d') correspond to vector sequences, rather 
than sequences of one of the framework regions flanking the 
CDR being replaced. 

The DNA produced according to the invention may be 
30 cloned into any suitable replication or expression vector 
and introduced into a bacterial, yeast, insect or mammalian 
cell to produce chimaeric antibody. Examples of suitable 
systems for expression are described below. 

35 The antibody chain may be co-expressed with a 

complementary antibody chain. At least the framework of the 
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variable region and ^he or each constant region of the 
complementary chain generally are derived from the said 
second species also. A light chain and a heavy chain may be 
co-expressed. Either or both-chains may have been prepared 
5 by the process of the invention. Preferably the CDRs of 
both chains are derived from the same selected antibody. An 
antibody comprising both expressed chains can be recovered. 

The antibody preferably has the structure of a natural 
10 antibody or a fragment thereof. The antibody may therefore 
comprise a complete antibody, a (Fab')2 fragment^ a Fab 
fragment, a light chain dimer or a heavy chain. The 
antibody may be an IgG, such as an IgGl, lgG2, IgG3 or IgG4 
IgM, IgA, IgE or IgD. Alternatively, the antibody may be a 
15 chimaeric antibody of the type described in WO 86/01533. 

A chimaeric antibody according to Wo 86/01533 
comprises an antigen binding region and a non^-immunoglobulin 
region. The antigen binding region is an antibody light 
20 chain variable region or heavy chain variable region. 
Typically, the chimaeric antibody comprises both light and 
heavy chain variable regions. The non«* immunoglobulin region 
is fused at its C<-terminus to the antigen binding region. 
The non-immunoglobulin region is typically a non- 
immunoglobulin protein and may be an enzyme region, a region 
derived from a protein having known binding specificity, 
from a protein toxin or indeed from any protein expressed by 
a gene. The two regions of the chimaeric antibody may be 
connected via a cleavable linker sequence. . 

The invention is preferably employed to humanise an 
antibody, typically a monoclonal antibody and, for example, 
a rat or mouse antibody. The framework and constant regions 
of the resulting antibody are therefore human framework and 
constant regions whilst the CDRs of the light and/ or heavy 
chain of the antibody are rat or mouse CDRs. Preferably all 
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CDRs are rat or mouse CDRs. The antibody produced in 
accordance with the present invention may be a human IgG 
such as IgGl, I9G2, IgGS, IgG4; IgM; IgA; IgE or IgD 
carrying rat or mouse CDRs. 

The process of the invention is carried out in such a 
way that the resulting chimaeric antibody retains the 
antigen binding capability of the non-human antibody from 
which the CDR region (s) is /are derived. 

The starting antibody is typically an antibody of a 
selected specificity. In order to ensure that this 
specificity is retained, the variable region framework of 
the antibody is preferably the closest variable region 
framework of an antibody of another species. By "about the 
closest" is meant about the most homologous in terms of 
amino acid sequences. Preferably there is a homology of at 
least 50% between the two variable regions. 

There are four general steps to produce a humanised 
antibody by the method according to the invention. These 
are: 

(1) determining the nucleotide and predicted amino acid 
sequence of the starting antibody light and heavy 
chain variable regions; 

(2) designing the chimaeric antibody, i.e. deciding which 
antibody framework region to use during the .process; 

(3) identifying the oligonucleotides A, B, C, and D and 
use of these primers in a series of PGR reactions to 
produce DNA encoding the humanised antibody; and 

(4) the transfection of a suitable host cell line with the 
DNA and expression of the humanised antibody. 

These four steps are explained below in the context of 
humanising an antibody. However, they may equally well be 
applied when reshaping to an antibody of a non-human 
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species • 

g^^P 3.> Determining the nucleotide and predicted amino 
acid sequence of the antibody light and heavy 
5 chain variable regions 

To make a chimaeric antibody only the amino acid 
sequence of antibody's heavy and light chain variable 
regions needls to be known. The sequence of the constant 
10 regions is irrelevant because these do not contribute to the 
humanising strategy. The simplest method of determining the 
variable region amino acid sequence of an antibody is from 
cloned cDNA encoding the heavy and light chain variable 
region. 

15 

There are two general methods for cloning heavy and 
light chain variable region cDNAs of a given antibody: (1) 
via a conventional cDNA library, or (2) via PCR. Both of 
these methods are widely known. Given the nucleotide 
20 sequence of the cDNAs, it is a simple matter to translate 
this information into the predicted aimino aoid sequence of 
the antibody variable regions. 

g^gP ?s pes3,qnj,nq t;he c^^ji^piaeyj^c qp^jbody 

25 

There are several factors to consider in deciding 
which human antibody sequence to use during the 
humanisation. The humanisation of light and heavy chains 
are considered independently of one another, but the 
30 reasoning is basically similar for each. 

This selection process is based on the following 
rationale: A given antibody's antigen specificity and 
affinity is primarily determined by the amino acid sequence 
35 of the variable region CDRs. Variable region framework 
residues have little or no direct contribution. The primary 
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function of the framework regions Is to hold the CDRs In 
their proper special orientation to recognize antigen. Thus 
the substitution of rodent CDRs Into a human variable region 
framework Is most likely to result In retention of their 
5 correct spaclal orientation If the human variable region Is 
highly homologous to the rodent variable region from which 
they originated* A human variable region should preferably 
be chosen therefore that is highly homologous to the rodent 
variable region (s) . 

0 

A suitable human antibody variable region sequence can 
be selected as follows: 



1. Using a computer program, search all available protein 
15 (and DNA) databases for those human antibody variable 

region sequences that are most homologous to the 
rodent antibody variable regions. The output of a 
suitable program is a list of sequences most 
homologous to the rodent antibody, the percent 

20 homology to each sequence, and an alignment of each 

sequence to the rodent sequence. This is done 
independently for both the heavy and light chain 
variable region sequences. The above analyses are 
more easily accomplished if only human immunoglobulin 

25 sequences are Included. 

2. List the human antibody variable region sequences and 
compare for homology. Primarily the comparison is 
performed on length of CDRs, except CDR3 of the heavy 

30 chain which is quite variable. Human heavy chains and 

Kappa and Lambda light chains are divided into 
subgroups; Heavy chain 3 subgroups. Kappa chain 4 
subgroups. Lambda chain 6 subgroups. The CDR sizes 
within each subgroup are similar but vary between 

35 subgroups. It is usually possible to match a rodent 

Ab CDR to one of the human subgroups as a first 
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similar length are then compared for amino acid 
sequence homology, especially within the CDRs, but 
also in the surrounding framework regions. The human 
5 variable region which contains the most homologous 

CDRs is chosen as the framework for humanisation. 

Step 3 ; Identification an d use of the oligonucleotides A, 
B. C and D 

10 

The general principles for designing primers for PCR 
are well known, eg. as described by R.K. Saiki ("The Design 
and Optimisation of the PCR" in "PCR Technology", Ed H.A. 
Erlich, Stockton Press, (1989)). In addition, specific 

IS factors can be considered for each CDR replacement. Where 
necessary, or desired, the 5' ends of A and/or D may encode 
part or all of a second and/or third CDR. The primers, A 
and D, may also include at their 5' ends restriction enzyme 
sites. These sites can be designed according to the vector 

20 which will be used to clone the humanised antibody from the 
final PCR reaction. The primers B and C must be long enough 
to overlap by at least a length sufficient to permit 
annealing of their 5' ends to each other under conditions 
which allow a PCR to be performed. This will usually 

25 require an overlap of at least 12, and preferably at least 
15 nucleotides. One or more of the four primers may differ 
from their template sequences by one or more nucleotides. 
These differences may be used to introduce desired coding 
changes into the framework regions of the antibody. 

30 

The primers are then used in a series of PCR reactions 
using the appropriate template to generate the DNA encoding 
the humanised antibody. PCR reactions may be carried out as 
described by Saiki et ai. Science , 487-491 (1988). At 

35 each stage the desired product of the PCR reaction may be 
purified as necessary, for example using selective 
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filtration and if necessary the identity of the product can 
be established, for example by gel elec-crophoresis. 

Step 4 ; Transfeetion and exp ression of the reshaped 
3 antibody 

Following the reactions to produce the DNA encoding 
the chimaeric antibody, the DNAs are linked to the 
appropriate DNA encoding light or heavy chain constant 
10 region, cloned into an expression vector, and transf acted 
into a suitable host cell line, preferably a maromalian cell 
line. These steps can be carried out in routine fashion. 
A chimaeric antibody may therefore be prepared by a process 
comprising: 

15 a) preparing a first replicable expression vector 

including a suitable promoter operably linked to a DNA 
sequence which encodes at least a variable region of 
an Ig heavy or light chain, the variable region 
comprising framework regions from a first antibody and 

20 CDRs from a second antibody of different specificity; 

b) if necessary, preparing a second replicable expression 
vector including a suitable promoter operably linked 
to a DNA sequence which encodes at least the variable 
region of a complementary Ig light or heavy chain 

25 respectively; 

c) transforming a cell line with the first or both 
prepared vectors; and 

d) culturing said transformed cell line to produce said 
altered antibody. 

30 

Preferably the DNA sequence in step a) encodes both 
the variable region and the or each constant region of the 
antibody chain. The antibody can be recovered and purified. 
The cell line which is transformed to produce the altered 
35 antibody may be a Chinese Hamster Ovary (CHO) cell line or 
an immortalised mammalian cell line, which is advantageously 
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of lymphoid origin, such as a myeloma, hybridoma, trioma or 
guadroma cell line. The cell line may also comprise a 
normal lymphoid cell, such as a B-cell, which has been 
immortalised by transformation with a virus, such as the 
5 Epstein-Barr virus. Most preferably, the immortalised cell 
line is a myeloma cell line or a derivative thereof. 

Although the cell line used to produce the chimaeric 
antibody is preferably a mammalian cell line, any other 
10 suitable cell line, such as a bacterial cell line or a yeast 
cell line, may alternatively be used. In particular, it is 
envisaged that E^. coli - derived bacterial strains could be 
used. 

15 It is known that some immortalised lymphoid cell 

lines, such as myeloma cell lines, in their normal state 
secrete isolated Ig light or heavy chains. If such a cell 
line is transformed with the vector prepared in step (a) it 
will not be necessary to carry out step (b) of the process, 

20 provided that the normally secreted chain is complementary 
to the variable region of the Ig chain encoded by the vector 
prepared in step (a) . 

However, where the immortalised cell line does not 
25 secrete or does not secrete a complementary chain, it will 
be necessary to carry out step (b) . This step may be 
carried out by further manipulating the vector produced in 
step (a) so that this vector encodes not only the variable 
region of a chimaeric antibody light or heavy chain, but 
30 also the complementary variable region. 

Alternatively, step (b) is carried out by preparing a 
second vector which is used to transform the immortalised 
cell line. This alternative leads to easier construct 
35 preparation, but may not be as preferred as the first 
alternative in that production of antibody may be less 
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ef f icienr . 

In the case where l:he immortalised cell line secretes 
a complementary light or heavy chain, the transformed cell 
5 line may be produced for example by transforming a suitable 
bacterial cell with the vector and then fusing the bacterial 
cell with the ixomortalised cell line by spheroplast fusion. 
Alternatively, the^ DNA may be directly introduced into the 
immortalised cell line by electroporation or other suitable 
10 method. 

An antibody is consequently produced in which CDRs of 
a variable region of an antibody chain are homologous with 
the corresponding CDRs of an antibody of a first mammalian 

15 species and in which the framework of the variable region 
and the constant regions of the antibody are homologous with 
the corresponding framework and constant regions of an 
antibody of a second, different, mammalian species. 
Typically, all three CDRs of the variable region of a light 

20 or heavy chain are derived from the first species. 

The antibody may be an IgG, such as IgGl, IgG2, IgG3 
or IgG4 IgM, IgA, IgE or IgD. Alternatively, the antibody 
may be a chimaeric antibody of the type described in 
25 WO 86/01533. 

The recombinant PGR technique of the present invention 
should allow the generation of fully humanised MAb DNA 
sequences in only two days using three rounds of PGR 

30 reactions (Fig. 3} • Site-directed mutagenesis (Jones 
^ Sl* # Nature , 321 . 522-525 (1986); Riechmann et , 
Nature . Hi, 323-327 (1988)) and oligonucleotide gene 
synthesis (Queen et ai., Proc . Natl . Acad . Sci . U.S.A. . ^6, 
10029-10033 (1989)) have previously been used for the 

35 humanisation of antibodies. The above method has benefits 
over these techniques in that smaller oligonucleotides are 
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required in the procedxire, even to transfer large CDRs such 
as the 19 amino acid CDRH2 present in a number of h\man IgG 
subgroup III heavy chains (Cleary et , cell . 44 . 97-106 
(1986)). For example, as illustrated in Figure 4, where the 
5 primary PCR products are designed to overlap in the middle 
of the CDR by 15 bp, the transfer of a 57 bp CDR onto the 
appropriate FR requires oligonucleotides of a maximum of 51 
bp, assximing a homology of 15 bp corresponding to the FR 
target sequence (Higuchi, Using PCR to engineer DNA, in "PCR 
10 Technology" Ed. H.A. Erlich, Stockton Press (1989)). 

The technique of the invention is also advantageous 
over site-directed mutagenesis in that all operations can be 
performed upon ds DNA without the need for subcloning 
15 between ds and ss vectors, thus decreasing the time and 
effort required to generate the hiamanised product. 

The invention is illustrated by the following example. 
20 EXAMPLE 1 

(a) Recombinant PCR grafting of DX4a CDRHl onto a human 
bacJcgroiund 

25 The objective was "to graft a heavy chain CDRl (CDRHl) 

from a rat anti-digoxin mAb (DX48} onto a human Ig backbone. 
The template used for the recombinant PCR was the previously 
humanised CAMPATH-IH heavy chain (Riechmann sfe al. , Nature . 
Ill, 323-327 (1988)), a human IgGl heavy chain with NEW 

30 (Saul e1^ al. , J. fiiai. .Qjgja. , 585-597 (1978)) V region, 

which had been re-engineered from genomic into cDNA 
configuration, and had subsequently undergone site-directed 
mutagenesis to replace CAMPATH-IH CDRH2 and CDRH3 sequences 
with rat DX48 CDRH2 and CDRH3 yielding HUMDXCH.23 ss 

35 template in M13 (SEQ ID NO: 1). 
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PGR reactions (SaiJci et aJL- / Science . 239 . 487-491 
(1988)} were carried out using ss HUM0XCH.23 template 
prepared by the method of Saxnbrook et al,. , Molecular 
Cloning: A Laboratory Manual, 2nd Edn. , Cold Spring Harbor 
5 Laboratory (1989) . The reactions were performed in a 
programmable heating block (Hybaid) using 25 rounds of 
temperature cycling (94*^0 for 1 min, 50'C for 2 min, and 
72 «C for 3 min) followed by a final 10 min step at 72«C. 1 
Mg of each primer, 50 ng of template and 2.5 Units of Tag 
10 polymerase (Perkin Elmer Cetus) were used in a final volume 
of 100 Ml with the reaction buffer as recommended by the 
manufacturer. Synthetic oligonucleotides were made on a 
7500 DNA Synthesizer (Milligen) • 

15 The approach used is summarised in Fig. 1. Primers 

used: 

A : SEQ ID NO: 2: 
B : SEQ ID NO: 3: 
C : SEQ ID NO: 4: 

20 D : SEQ ID NO: 5: 

Two PCR reactions were carried out using the primer pairs A 
and B, and C with D respectively* Primers A and D 
correspond to positive and negative strand oligonucleotides 
incorporating the Hind lll sites at the 5' and 3' termini of 

25 the HUMDXCH.23 insert- Figure 2 shows the nucleotide 
sequence of three regions of the HUMDXCH,23 insert 
incorporating; the first 4 2 bp at the 5' end of the insert 
including the start codon of the CAMPATH-IH leader sequence; 
the 3' 27 bp of FRHl, the whole length of CDRHl and the 5' 

3 0 27 bp of FPH2 from CAMPATH-IH; and the final 27 bp at the 2' 
terminus of the insert including the stop codon at the end 
of CAMPATH-IH constant region (CH3) • The sequences are 
separated by 117 bp and 1206 bp respectively. Primer B 
possesses negative strand sequence from the 3' end of the 

35 CAMPATH-IH FRHl region (with point mutations to convert Phe 
27 and Thr 3 0 of CAMPATH-IH back to the Ser residues present 
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in the NEW FRHl) together with CDRHl sequence of DX4 8 in 
place of the CAMPATH-IH CDRHl (Fig. 2) . Primer C is made up 
of the positive strand sequence of DX48 CDRHl, complementary 
to the CDRHl region of primer B, running into the 5' end of 
5 the Campath-IH FRH2 (Fig. 2) . In the first round of the AB 
and CD PCR reactions the HUMDXCH.23 negative strand is 
synthesised from primers B and D respectively (Fig. 1) . In 
subsequent cycles fragments AB and CD (SEQ ID NO: 6 AND NO: 
7 respectively) are amplified (Figs. 1 and 2) . The products 

10 of the two reactions thus constitute the whole length of the 
HUMDXCH.23 insert but with the point mutations stated above 
and the Campath-IH CDRHl replaced by the CDRHl sequence of 
DX48. Fragments AB and CD both possess the DX48 CDRHl 
sequence such that on denaturation and reannealing the 

15 overlapping sequences can anneal. 

Excess primers were removed from the AB and CD PCR 
reactions by selective filtration on a Centricon 100 
(Higuchi et , Nucl, Acids Res., 16, 7351-7367 (1988); 

20 Amicon) . SO Ml of each reaction was placed into 2 ml of TE 
(lOmM Tris-HCl pH 8, 0.1 mM EDTA) and mixed in the upper 
reservoir of the Centricon 100.* The' manufacturer's protocol 
was followed using a 25 min centrifugation in a fixed-angle 
rotor at 1000 x 6, and the PCR products recovered in a 40 jul 

25 retentate. 

10 Ml of the Centricon 100 retentate was subjected to 
a recombinant PCR reaction with primers A and D (Fig. 1) 
using the same conditions as performed in the primary PCR 

30 reactions above. The positive strand of fragment AB and the 
negative strand of CO contain the complementary DX48 CDRHl 
sequences at their 3' ends, and in the first PCR cycle can 
anneal and serve as primers for one another. Extension of 
the overlap produces the recombinant product fragment AD 

3 5 containing the transplanted DX48 CDRHl, and this is 
amplified by primers A and D in the subsequent rounds of PCR 
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(Figs. 1 and 2) . The remaining strands of fragments AB and 
CD, which are complementary at their 5' ends, are not able 
to prime each other, but can act as templates for primers A 
and D. These generate more of the primary PCR products, 
5 although these fragments are not amplified in an exponential 
manner due to the absence of primers B and c in the 
reaction. 

Gel-purified PCR products were analysed on an agarose 
10 gel containing 0.8% Type II: Medium EEO Agarose (Sigma) in 
89 mM Tris-borate/2 mM EDTA, and visualised by staining with 
ethidium bromide. The expected sizes of the fragments were 
as follows: AB, 207 bp; CD, 1285 bp; AD, 1471 bp. The 
predominant band observed in each case was of the expected 
15 size, although additional minor bands also appeared in 
reaction AD. 

(b) Cloning and sequencing of the recombinant PCR product 

20 Fragment AD (SEQ ID NO; 8) was gel eluted, digested 

with Hind lll (BRL) and cloned into the fiiMIII site of pUC- 
18 (BRL) . The nucleotide sequence of a clone containing the 
recombinant molecule was determined by plasmid priming 
following the dideoxy chain-termination method (Sanger 

25 e£ ai-f Proc . Natl . Acad . Sci . U.S.A. . 7£, 5463-5467 (1977)) 
according to the Sequenase kit (USB) protocol. The entire 
1463 nt insert was found to be of the correct sequence, no 
mis incorporations having resulted from the two sets of PCR 
reactions . 

30 

EXAMPLE 2 

This objective was the humanisation of YFCSl.l.l rat 
anti-human -CD18 heavy and light chains. The DNA sequence 
35 of the variable regions of both chains had been determined 
and is shown in 
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SEQ ID NOS 9 and 10 - heavy chain and 
SEQ ID NOS 11 and 12 - light chain. 

Using the selection proced\ire described in Step (2) 
5 above, the human variable domain frameworks of the NENM 
heavy chain and REI light chain (Kabat ^ "Sequences of 

proreins of immunological interest", U.S. Dept. of Health 
and Hunan Services, U^S. Government Printing Office (1987)) 
were chosen for the humanisation process. 

10 

The humanised heavy and light chains were constructed 
as follows. 

(i) Light Chain 
15 Light chain oligonucleotide primers: 





SEQ 


ID 


NO: 


13: 


Bl: 


SEQ 


ID 


NO: 


14: 


Cl: 


SEQ 


ID 


NO: 


15: 


Dl: 


SEQ 


ID 


NO: 


16: 


Et: 


SEQ 


ID 


NO: 


17: 


Fl: 


SEQ 


ID 


NO: 


18: 


Gl'- 


SEQ 


ID 


NO: 


19: 


Hl: 


SEQ 


ID 


NO: 


20: 



25 

PGR reactions were performed in a programmable heating 
block (Hybaid) using 20 rounds of temperature cycling (94*C 
for 1 min, SO'C for 2 min, and 72'C for 3 min) followed by 
a final 10 min step at 72 "C. 1 ng of each primer, a 
30 specified amoiint of template, and 2.5 units of Tag 
polymerase (Perkin Elmer Cetus) were used in a final volume 
of 100 fil with the reaction buffer as recommended by the 
manufacturer. 

35 The initial template for the PCR was CAMPATH-IH light 

chain (humanised CAMPATH-1 on REI framework; Page and 
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Sydenham, Biotechnology 2, 64-68, (1991)). Four initial PGR 
reactions were carried out, with lOhg of template per 
reaction, using the primer pairs A,, with B,., Cj, with D,., Ej, 
with Fl, and with H,. respectively. The products of these 
5 PGR reactions, fragments ABl, CD^, EFl and GHl respectively, 
were purified using Prep-A-Gene (Bio-Rad) following the 
protocol recommended by the manufacturer. Fragments ABl with 
CDl, and ZPl with GH^ were combined using a quarter of each 
purified product, and subjected to recombinant PCR reactions 

10 with primers A^ plus Dl, and plus Hj, respectively. The 
products of these reactions, fragments ADl and EHl, were 
purified as above, and a quarter of each combined in a 
recombinant PCR reaction using primers At and Hl. The final 
humanised light chain recombinant PCR product, AH^, was 

15 cloned into the Hind lll site of pUC-18 (BRL) following the 
method of Crowe et ai- (1991) , utilising the liiflglll sites 
in primers Al and Hi,. Plasmid isolates were sequenced by the 
dideoxy chain termination method, and clones of the correct 
sequence chosen. 

20 

(ii) Heavy Chain 
Heavy chain oligonucleotide primers: 



Ah: 


SEQ 


ID 


NO: 


21: 


Bh: 


SEQ 


ID 


NO: 


22: 


Ch: 


SEQ 


ID 


NO: 


23: 


D„: 


SEQ 


ID 


NO: 


24: 


£„: 


SEQ 


ID 


NO: 


25: 


Fh: 


SEQ 


ID 


NO: 


26: 


G„: 


SEQ 


ID 


NO: 


27: 


Hh: 


SEQ 


ID 


NO: 


28: 



The initial template for the PCR was CAMPATH-lH heavy 
chain. The rodent CDR's were grafted on to the template 
using the recombinant PCR method as described in section (i) 
35 but using oligonucleotide primers Ah to Hh. The final PCR, 
i.e. fragments ADh and EH„ with primers A„ and H„, did not 
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give a hi^h yield of product so a fragment AFh was generated 
(from fragments AD„ and EFh) and used with fragment EHh in a 
PGR with primers A„ and Hh. Oligonucleotides A„ and H„ were 
designed xwith liiiidlll and Eco Ri sites respectively to enable 
5 initial cloning of the humanised variable region, and a SesI 
site was introduced into the NEWM framework 4 (FR4) region 
of oligonucleotide Gh to facilitate subsequent cloning of the 
variable region with a suitable constant region of choice* 
The Spe l site was chosen so as not to alter the leucine 
10 residue at position 109 (numbering according to Kabat et al , 
ibid ^ of the humanised heavy chain template. Four out of 
the six human heavy J-minigenes possess a leucine at this 
position; Kabat et ^ ibid ^ . Thus the use of the engineered 
Ss£l site should be generally applicable. 

IS 

The humanised heavy chain variable region recombinant 
PGR product was cloned into Hind lll/ EcoR I-cut pUC-18 (BRL) , 
and plasmid isolates of the correct sequence were chosen. 
The FR4 and 71 constant regions of GAMPATH-IH heavy chain 

20 were PGR cloned into pUC-18 (BRL) using oligonucleotide 
primers XH (SEQ ID NO: 29) and YH (SEQ ID NO: 3 0) . Primer 
Xh contains Spe l and Hind lll sites, and Y„ an Eco RI site. 
The Hind lll and EcoR I sites were used to clone the PGR 
product into pUG-18, and plasmid isolates of the correct 

25 sequence were selected. The complete heavy chain was 
subsequently reconstituted from the humanised variable 
region and Tl constant region clones using the engineered 
FR4 SesI site* 



wo 92/07075 



PCT/GB91/01744 



31 



Seouenee I^iatino 
1. INFORMATION FOR SEQ ID NO : 1 : 



i) SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 
10 (D) TOPOLOGY 



1457 

nucleic acid 

single 

linear 



ii) MOLECULE TYPE : cDNA 

ix) FEATURE 

15 (A) NAME/KEY : CDS [? CODING SEQUENCE] 

(B) LOCATION : 1 1457 

(D) OTHER INFORMATION : /Product = "Variable region 

heavy chain" 
Standard name « "HUMDXCH.23" 

20 

ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 156 182 

(D) OTHER INFORMATION : /function = CAMPATH IH FRHl 

25 

ix) FEATURE 

(A) NAME/KEY : Misc featiure 

(B) LOCATION : 183 197 

(D) OTHER INFORMATION : /function » CAMPATH IH CDRHl 

30 

ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 198 224 

(D) OTHER INFORMATION : /function = CAMPATH IH FRH2 

35 

xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 : 
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AAGCTTTACA GTTACTGAGC ACACAGGACC TCACC ATG 

Met: 



38 
155 



TGC ACC GTG TCT GGC TTC ACC TTC ACC GAT TTC TAC ATG AAC 197 
Cys Thr Val Ser Gly Phe Thr Phe Thr Trp Phe Tyr Met Asn 



10 



TGG GTG AGA CAG CCA CCT GGA CGA GGT 
Trp Val Arg Gin Pro Pro Gly Arg Gly 

CC6 GGT AAA TGAGTGC6AC GGAAGCTT 
Pro Gly Lys 



224 

1430 
1547 



15 



20 



i) 



INFORMATION FOR SEQ ID NO : 2 : 



SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



24 base pairs 
nucleic acid 
single 
linear 



25 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 

Xi) SEQUENCE DESCRIPTION 



ssDNA 

No 

No 

SEQ ID NO 



GATCAAGCTT TACAGTTACT GAGC 



24 



30 



INFORMATION FOR SEQ ID NO : 3 : 



35 



i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



45 base pairs 
nucleic acid 
single 
linear 
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ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssONA 

No 

Yes 



Xi) SEQUENCE DESCRIPTION 



SEQ ID NO 



TGGCACAGAC CGTCGTGGAA GTCGTGAATA CCATACCCAC ACCCG 45 



10 



15 



4. 



i) 



INFORMATION FOR SEQ ID NO : 4 : 



SEQUENCE CHARACTERISTICS 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



45 base pairs 
nucleic acid 
single 
linear 



20 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 

xi) SEQUENCE DESCRIPTION 



SSDNA 

No 

No 

SEQ ID NO 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGA 45 



25 



5. 



INFORMATION FOR SEQ ID NO : 5 : 



30 



i) 



SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



27 base pairs 
nucleic acid 
single 
linear 



35 



ii) MOLECULE TYPE 

iii) HYPOTHETICAL 

iv) ANTI-SENSE 



ssDNA 

No 

Yes 
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Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 5 : 

CATTTACTCA CGCTGCCTTC GAACTAG 27 
6. INFORMATION FOR SEQ ID NO : 6 : 



20 



30 



i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

10 (C) STRANDEDNESS 

(D) TOPOLOGY 



207 base pairs 
nucleic acid 
double 
linear 



ii) MOLECULE TYPE : dsDNA 

15 xi) SEQUENCE DESCRIPTION : SEQ ID NO : 6 : 

GATCAAGCTT TACAGTTACT GAGCACACAG GACCTCACCA TG 42 

159 

TGCACCGTGT CTGGCAGCAC CTTCAGCACT TATGGTATGG GTGTGGGC 207 



7. INFORMATION FOR SEQ ID NO : 7 : 

i) SEQUENCE CHARACTERISTICS ; 

1285 



(A) LENGTH 
25 (B) TYPE 



(C) STRANDEDNESS 

(D) TOPOLOGY 



nucleic acid 

double 

linear 



ii) MOLECULE TYPE : dsDNA 

xi) SEQUENCE DESCRIPTION : SEQ ID NO : 7 



ACTTATGGTA TGGGTGTGGG CTGGGTGAGA CAGCCACCTG GACGAGGT 48 

1254 

35 CCGGGTAAAT GAGTGCGACG GAAGCTTGAT C 1285 
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8. INFORMATION FOR SEQ ID NO : 8 : 



i) 



SEQUENCE CHARACTERISTICS : 



(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 



1471 

nucleic acid 

double 

linear 



ii) MOLECULE TYPE : dsDNA 

10 

ix) FEATURE 

(A) NAME/KEY : CDS [?) 

(B) LOCATION : 1 1471 

(D) OTHER INFORMATION : /PRODUCT = "Variable region 
15 heavy chain" 

ix) FEATURE 

(A) NAME/KEY : misc feature 

(B) LOCATION : 160 186 

20 (D) OTHER INFORMATION : /function CAMPATH IH FRHl 



ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 175 177 

25 (D) OTHER INFORMATION : point mutation 



ix) FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 184 186 

30 (D) OTHER INFORMATION : point mutation 



FEATURE 

(A) NAME/KEY : Misc feature 

(B) LOCATION : 187 207 

(D) OTHER INFORMATION : /function -DK48 CDRHl 
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ix) FEATURE 

(A) NAME/KEY : Misc featxire 

(B) LOCATION : 208 234 

(D) OTHER INFORMATION : /function CAMPATH IH FRH 2 

5 

Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 8 : 



GATCAA6CTT TACAGTTACT GAGCACACAG GACCTCACC ATG 42 

Met 

10 159 

TGC ACC GTG TCT GGC AGC ACC TTC AGC ACT TAT GGT ATG 198 
Cys Thr Val Ser Gly (Ser) Thr Phe (Ser) Tur Tyr Gly Met 

15 GGT GTG GGC TGG GTG AGA CAG CCA CCT GGA CGA GGT 234 

Gly Val Gly Trp Val Arg Gin Pro Pro Gly Arg Gly 



1440 



20 



CCG GGT AAA TGAGTGCGAC GGAAGCTTGA TC 
Pro Gly Ala 



1471 
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(9) D9FDEVA!IXCN FOR SEQ JD N0:9: 

(i) OJARACTEPISIICS: 

(A) IS«3IH: 417 base pairs 

(B) lYPE: nucleic acid 

(C) snu^NEOKESS: double 

(D) HGPOLOSI: lineax 

(ii) MDIZOJIE T^: tStOi 
(Vi) ORZGI29AL SOQRCZ: 

(A) CSCANZSM: BatA3s rattus 

(ix) FSATORE: 

(A) NftME/KEY: CTS 

(B) LDCftHCaJ; 1..417 

(D) OIHEl DJFaEMATia^: /product* '•Heavy chain variable 
region vith signal sequence" 
/standard_naine= "msi.1.1" 

(ix) rZAIUPE: 

(A) la^SE/^Xi sdscjsignal 

(B) IDCmCN: 1..57 

(D) onuSi dFCIFMA^nGN: /functionps "Signal sequence" 

(ix) TEXTOBEz 

(A) NAME;/KE^: Biscjfeature 

(B) UXXrZW: 148.. 162 

(D) ansR jsFcsKunant /£unetioR» "cm i" 

(ix) rEAIURE: 

(A) NAME/I^: isisc feature 

(B) laaUCN: 205.7255 

(ix) PEATCIRE: 

(A) lOME/iEI: sdsc feature 

(B) IOCAHON: 352.7384 



(Xi) SSQCJB4CE DESCCEFTION: SEQ ZD N0:9: 

AIG AAA TGC AGC 7GG ATC AAC dC TIC TIG AIG GCA CIA GCT TCA GG6 48 
Met Lys C/s Ser Trp lie Asn Leu She leu Met Ala Lsu Ala Ser Gly 
15 10 15 

GTC TAG GCA GAA GIG CAS CIG OA TCI GGG OOC CTT CX3G ASA 96 
Val Tyr Ala Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Lsu Arg Arg 
20 25 30 

OCT GOG TOC TCA GTC AAG TIG TCT TSI AA6 ACT TCP GGC TAG AGC ATT 144 

Fro Gly Ser Ser Val lys Leu Ser cys Lys Ttsr Ser Gly Tyr Ser lie 

35 40 45 
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AAA GAT CTT CIG CAC TGG GIX AAA AGG CC^ GfA TkC GSC CIG 152 
Lys Asp IVz* Leu Lea His Trp Val Lys Kis Azg Pro Glu lyr Gly Lsu 
50 55 60 

GA;^ tog GSA TGG ATT G^^ CCT GPiG G;^ GGT GfA AC^ AAG lAT GGT 240 
Glu Trp lie Gly Trp lie Asp Pro Glu Asp Gly Glu Ihr Lys Tyr Gly 
65 70 75 80 

OiG AAG TIT CAA AGC ASS GCC ACA CIC ACT GCA GAT ACA TCC TCC AAC 2SS 
Gin lys rhe Gin Ser Azg Ala Tts: Leu Tisr Ala As^ Thr Ser Ser Asn 
85 90 95 

ACA GCC TAC AIG CAA CIC AGC AGC CIG ACG TCI GAC GAC ACA GCA AOC 336 
Tbr Ala Tyr Met Gin Lsu Ser leu Ttsx Ser Asp Asp Thr Ala Thr 
100 105 110 

TAT TIT TGT ACT ASA GGC GAA TAT AGA TAC AAC TCS TGG TIT GAT TAC 384 

Tyr Hie Tkx Arg Gly Glu Tyr Aarg Tyr Asn Ser Ttp Rie Asp TVr 
115 120 125 

TGG GGC CAA GGC ACT CIG GTC ACT GIC TCT TCA 417 
Ttd Gly Gin Gly TSar Lsu Val Utr Val Ser Ser 
130 135 

(10) IKPCIEMATZON FOR SBQ ID NO: 10: 

(i) SEQ U ENCE CaaBACIERISIICS: 

(A) ISiSIH: 139 anino acids 

(B) TJCSS: amino acid 
(D) TGSGLDSHi linear 

(ii) MaraCOIS TnC; protein 

(xi) SEQQEMCE EESCEOFTICN: SEQ ID NO: 10: 

Met Lys Cys Ser Trp lie Asn Lsu Die Leu Met Ala Ussa Ala Ser Gly 
15 10 15 

Val Tyr Ala Glu Val Gin Lsu Gin Gin Ser Gly Fro Glu leu Arg Arg 
20 25 30 

Pna Gly Ser Ser Val lys Lsu Ser cys Lys Thr Ser Gly lyr Ser lie 
35 40 45 

lys Asp lyr Lsu Lsu His TTp Val lys His Azg Pro Glu Tyr Gly Leu 
50 55 60 

Glu Trp He Gly Trp He Asp Pro Glu Asp Gly Glu Thr lys Tyr Gly 
65 70 75 80 



Gin lys Ehe Gin Ser Azg Ala Thr Lsu Tta: Ala Asp Thr Ser Ser Asn 
85 90 95 
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•Qa: Ala Tyr Met Gin leu Ser Ser Lea Ttse Ser Asp Asp l^x Ala Tbr 
100 105 110 

Tyr Phe Cys aar Arg Gly Glu Tyr Arg Tyr Asn Ser Ttp Fhe Asp Tyr 
115 120 125 

Trp Gly Gin Gly oa: Leu Val Crr Val Ser Ser 

130 135 
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(IDINPORMRIION PCS SEQ ID N0:11: 

(i) S33UiNCS C3aSAC3ERISIICS: 

(A) LS^GIK: 375 base paixs 
(E) TYPE: nucleic acid 

(C) SlSttMDEmESS: double 

(D) T0F0D3GY: linear 

(ii) MSLSCUIS T^: dDSitk 

(vi) CSRIGBGO. SOU^: 

(A) C3RGANISM: Pat:tus rattus 

(ix) FEATURE: 

(A) NftMS/KEX: CDS 

(B) IDCAnON: 1..375 

(D) OIKSSl INft3raiKnc»«: /prcxiact= "Variable region li^t 
chain" 

/staix3ard_nainff» "YFC31.1.1" 

(ix) FZT^IURE: 

(A) KAME/KE2f: nisc signal 

(B) IDOOZON: 1..60 

(D) OIHER IKPOESSAZIGN: /function" "Signal sequence" 

(ix) TsxnjsEi 

(A) I'C^/KEY: nisc feature 

(B) liSaOZGN: 130.7162 

(D) OIKER TttFCSKtaiCtt: /funcbion" "CDR 1" 

(ix) FEAZURE: 

(A) NAME/KE^: inisc_feature 

(B) lOCATZON: 208.. 228 

(D> OIKER INFOEKKmaHi /function* "CER 2" 

(ix) FEATURE: 

(A) UfME/YEii nisc feature 

(B) LOCKIICN: 325.7351 

(D) OIHER mPOFMRTICN: /functionF* "OSR 3" 



(xi) SEQUBKE DESCRIFIIGN: SSQ ID NO: 11: 

AIG A06 GIC CAG GTT CftG TIT CIG GOG CIC CTT CIG CIC TGS ACA TCA 48 
Met Arg Val Gin Val Gin Fhe Leu Gly lau IfiU Lai Leu Trp Ttsc Ser 
15 10 15 

GGT GOC CAS TGT GAT GIC CAG AIG AOC CAG TCT COS TCT TAT CTT GCT 96 
Gly Ala Gin cys Asp Val Gin Met Tnr Gin Ser Pro Ser Tyr Leu Ala 
20 25 30 
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GG3 TCT CCr GSk G?A ACT GTT TCS KIC AST TGC AAG GGA ACT AAG ACC 144- 
Ala Ser Pro Gly Glu Ser Val Ser Ila Ser cys Lys Ala Ser Lys Ser 
35 40 45 

AIT AGC AAT TAT ITA GCC T3S T^r CAA CAG AAA CCT G3G GAA GCA AAT 1S2 
He Ser Asn Tyr Lsu Ala Trp Tyz Gin Gin Lys Pro Gly Glu Ala Asn 
50 55 60 

AAA CIT CZT GIC TAT TAT GS3 7CA ACT TIG CGA TCT GSA ATT OCA TCS 240 
Lys Lsu Val lyr Tyr Gly Ser Ziz Leu Arg Ser Gly Zle Pro Ser 

65 70 75 80 

AGG TTC AGT GGC ACT GGA TCI GCT ACA GAT TIC ACT CIC ACC ATC AGA 288 
At? Ser Gly Ser Gly Ser Gly C'x Asd Fhe TSsr leu Us: lis Axg 
85 90 95 

AAC CrS GAG CCT GCA GAT TIT GCA GIC TAC TAC TCT CAA CAG TftT TRT 336 
Asn Leu Glu Kro Ala Asp Phe Ala Val Tyr Tyr cys Gin Gin Tyr Tyr 
100 ' 105 110 

GAA AGA CC3 CIC ACG TIC GCT TCT GGG AOC AAG CIG GAG 375 
Glu Arg Pro Leu Hsr Phe Gly Ser Gly Tr^ Lys Leu Glu 
115 120 125 

(12)IKF0I9CaTC&f FOR SSQ ID NO: 12: 

(i) SZQUQICE CEASACIZRISTZCS: 

(A) IZNSIH: 125 aaino acids 

(B) TYPE: ardno acid 
(D) TOPOLDGy: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SBQOBCE DESCRIPZIC^': SS3 ZD NO: 1 2 

Met Arg Val Gin Val Gin Phe Lsu Gly Leu Lsu Leu Leu Trp Utr Ser 
15 10 15 

Gly Ala Gin cys Asp Val Gin Met Tta: Gin Ser Pro Ser Tyr Leu Ala 
20 25 .30 

Ala Ser Pro Gly Glu Ser Val Ser Zle Ser cys lys Ala Ser Lys Ser 

35 40 45 

lie Ser Asn lyr Lsu Ala Trp Tyr Gin Gin Lys Pro Gly Glu Ala Asn 
50 55 60 

Lys Leu Leu Val Tyr lyr Gly Ser Use Leu Axg Ser Gly Zle Pro Ser . 
65 70 75 80 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ttse Leu Ttsc lie Arg 
85 90 95 
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Asn Lau Glu Pro Ala Asp She Ala Val lyr lyr Cfs Gin Gin 1^ Tyr 
100 105 110 

Glu Azg Pro Lsu Use Phe Gly Ser Gly "Bar Lys Leu Glu 
115 120 125 
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(ii) mLSOJLE TiPEs ccrai 

(ill) inPOZHSnCAL: No 

(iv) AOTI-StNSE: No 

(Vi) QRIGIKAL SOURCE: 

(A) GiRG^SM: Battus rattus 

(Xi) SSaaSlKS DESCSZFIZGN: SEQ id N0:17: 

AGIGGmC^. CASAZGSSGC 

(13) INfCSSSAZICN TOR SSQ ID N0::3: 

(i) SBQOEXKS OSSACTESISnCS: 

(A) LEi«nH: 30 bases 

(B) T^E: nucleic acid 

(C) SZSANDEDNESS: single 

(D) TDPOLOS^: linear 

(ii) MaUBCOLE nSE: SSDNA 
(iii) HYFOIKEIICAL: MO 
(iv) ANH-SENSE: NO 

(xi) SBaOBUCE raSCRZFIZCN: SEQ ZD NO; 13: 
GKTCAAGCm dCXACAfilT ACZGAfiCS^ 

(14) IKFOraAZZCN FOR SEQ ZD N0:14; 

(i) SB3JDJCE ajfstjicmasncst 

(A) UNSIH: 43 bases 

(B) T£PE: nucleic acid 

(C) STOANDB^NESS: single 

(D) TOFOLDGY: linear 

(ii) MOmX»LE TOS: sSCMA 
(iii) KmnHEZICAL: NO 
(iv) ANIZ-SSSS: YES 

(xi) SEQUa^CE DESCRIFIIGN: SBQ ID N0:14; 
GdAAAZAAT TGdAATOCr CnACIIGCr nACAOSIGA TGS 

(15) INFOE^AXZON I^QR SSQ ID N0:15: 
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(X) SB30QXS osj^cnsisncs: 

(A} IB^SIR: 43 bases 

CB) TXPE: nucleic acid 

(C) sniANDnDNESS: single 

(D) TOPOIDSY: linear 

(ii) MSLSCUIZ T^E: sslXA 
(ill) lOFOISSrZCAL: NO 
(iv) ANH-smSE: NO 

(xi) SBSJSUCS DESCSIFUCXI: SSQ id NO: 15: 
AGAGCnITnG CnAl'IAlTlA GOdGCTIr^ AGC&GAftGQC AGS 
(16) lltFCS^^KTlCN FOR 5E3 ID N0:16: 

(i) SEQUINCE CHAHACIEPlSnCS: 

(A) miCIH: 41 bases 

(B) T£PE: nucleic acid 

(C) STBANDnxiESS: single 

(D) TQPQIiSGJr: lixwar 

(ii) MSfLSCOLS TJ2FE: SSCNA 
(iii) K^POIKSnCAL: NO 
(iv) AllZI-SEX^: YES 



(xi) SBQOEMCE DESCRIPnON: SEQ 3D N0:16: 
AGATCSCMA GTTGAOOCAT AGXAGKTCAG CAGCmGGA G 
(17) INFCSaffiZION FOR SEQ ID N0:17: 

(i) SEQamCE CHABAdEE^ISnCS: 

(A) IB4SIH: 41 bases 

(B) TSiPE: nucleic acid 

(C) sn^ANDEDNESS: single 

(D) naPOLDSii linear 

(ii) MOLECULE T^E: SSDKA 
(iii) HmJEHEHCAL: NO 



(iv) ANTI-SINSE: NO 
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(xi) SEOOZNCE OESCSZPXICN: SZQ ZD N0:17: 

TSJtscsGTCAA crrrocGAic tggtotooca agcagattca g 

(IS) I^70!^4mCN FOR SBQ ID N0:18: 

(i) SS3LOCE CHRRACISUSncS: 
CA} L£2^-i: 47 bases 
(5) Ti^E: nucleic acid 

(C) 5IRAI1DEDNESS: single 

(D) TQPOLOSV: linear 

(ii) mLSOJLS TVPS: ssDiGl 
(iii) KXPOCJESlCaL: NO 
(iv) ANH-SZNSE: YZS 

(xi) DESCSZPIICX4: SBQ ID N0:18 : 

CSIGSGCSGT CirrCKEAaT ACIGITGGCA GTRGTAGGTO GC3MPGT 
(19) BUFCSKKCiaa FOR SEQ ZD N0:19: 
(i) SB33BKS CHKRAdEPZSIZCS: 
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(A) II24SIH: 47 bases 

(B) TYPE: nucleic acid 

(C) SIS^ANDECMESS: single 

(D) TQPQIiSGY: linear 

(ii) MOTmJLE T^PE: ssim 
(iii) KJPOflHSIICAL: NO 
(iv) MnH-SBUSE: NO 



(xi) SESUBfcs Dssoopriati: seq id NO:ig: 

CSACaGZ^ AIGAMGAOC GCTCaCSITC GGOOU^GGSA. OC^AGGI 
(20) S^FOraffiTZGN FC3R SEQ ID N0:20: 

(i) SBQOENCE OiABACIEPISmCS: 

(A) IB4QIH: 30 bases 

(B) TIPE: nucleic acid 

(C) snONDECNESS: single 

(D) TOPOLOGY: linear 

(ii) MnLEOILS TCTS; seCNA 
(iii) ISSOZHEZICAL: NO 
(iv) ANIZ-SSISE: YES 



(xi) SBQUENOS DESCSIPTZON: SEQ ID N0:20 : 
GATCAASCZT dAACACTCT CCCdSTIGk 
(21) SiFQEaOOIGN FOR SEQ ID N0:21 : 

(i) SEQUDfCE anRACTERisncs: 

(A) m«3ZH: 31 bases 

(6) T^PEz nudeic acid 

(C) SIPmymJESS: single 

(D) iCfPOLOGy: linear 

(ii) MGILBITJIE TS>E: ssDNA 
(iii) HOCIHEnCCAL: NO 
(iv) ANn-SENSE: NO 
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(Xi) SEQ[]B«CE DESCSIIPXlWl SDQ ID NO: 21: 
TGSSAICGAT OASClTiAC ASfllACZGAG C 
(22) S^FQFMATZGN FDR SSQ ZD N0:22 : 



(i) SEQUENCE (XfSAcniasncs: 

(A) m«33H: 36 bases 

(B) TXPEz nucleic saiA 

(C) single 

(D) TOPOLOGY: linear 

(ii) mLEOJLS TSE: ssCMA 
(iii) lOPGflHEEZCAL: NO 
(iv) ANIT-SZSJSE: YES 



(xi) SB33BXCE DESCRIFTZGN: SEQ TD N0:22: 
GIGCMSMGG TAXTOOSIGA iUSCSrSAAGOC AGAO^ 



(23) IMFCBMmCN FOR SEQ ID N0:23: 

- (i) S33JS^CE GHAXU^CIERISl^CS: 

(A) Z£2«3ZH: 36 bases 

(B) TJSE: nucleic acid 

(C) SIBA13DEDMESS: single 

(D) TaPQLOSY: linmr 

(11) MDLSCUUS TIPEi SSCNA 
(iii) iOPCfZKErZCAL: NO 
(iv) ANXZ-SENSE: NO 



(xi) SEOJBXZ DESCRIFZZON: SEQ ID N0:23 : 
GATOUJCi'lU roOOGGSr GAGACAGGO^ OCSSSA 
(24) INFOBMKEZCN FOR SBQ ID N0:24: 

(i) SEQUENCE CHKRACTORISnCS: 

(A) II34SIH: 54 bases 

(B) TYPE: nucleic acid 

(C) SISANDEDNESS: siJigle 
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(D) TOPOLDSi: linear 

(ill) K£ponssiiaa.t no 

(iv) ANTI-SSJSE: Y2S 
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(xi) SBCfOEKCS DESCS^STZCei: SSQ ID N0;24 : 

AZACXTXCsIT TCaCCaTOCr CAGSATCAAT CCSTCCTAIC: O^CDCAAGAC CTOS 54 

(25} INHSa^ATION SBQ ID N0:25 : 

(i) SSOOSHCZ CHARTICISSISTIGS: 
(A) LENGTH: 54 bases 
(6) TXPS: nucleic acid 

(C) sntANDECNESS: single 

(D) TOPQLXY: linear 

(ii) MnT.T-ynr.JS Ta>E: sscma 

(iii) SDZFCfXHSIICaL: 1» 
(iv) ANIX-SSISE: NO 



(xi) SBQUE21CE raSCSIPTZCN: SSQ ID N0:25 : 
GSISaRftgA AJi m WIt A GAft LTmVJ A ASOGaCIGA Ca a iUJIUCT AGftC 54 
(2g INParaailCN FOR SD3 ID N0:26: 

(i) SEQODICE QOBACIEEilSTICS; 

(A) I2N83H: 45 bases 

(B) TJOPE: nucleic acid 

(C) SIRa WDECNESS: single 

(D) TaPQLOGY: linwnr 

(ii) MOTPmrE T£PEi ssO^ 
(iii) HSOIHEIICAL: NO 
(iv) ANZX-SENSE: YES 



(xi) SEQUENCE DESCREFTIGN: SSQ ID N0:26 : 
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CaaSABITG ISOdATATT OSOCTCTIGC AQU^TMZAG AOCSC 45 
(27) INParaanCN tor SIQ id N0:27: 

(i) SECFJBKE CSARACIS^ZSIICS: 

(A) LE2)GIH: 54 bases 

(B) TiSPEi nucleic ^cid 

(C) SZRAKDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MSLSOJLS TOEi ssONH 
(iii) mFCGKSnCAL: NO 
(iv) ANTI-SINSE: NO 



(Xi) SBQOBTCE OESCSZPrZGN: SSQ ID N0:27: 
AGAIACRACr QSIGGTITCSA TIACIGGSGT CRAGGCTCAC TRGICACRGr dOC 54 
(28) H^KSSnZICN TOR SEQ ID N0:2S : 

(i) SEQCJD7CE CHARACIERISIZCS: 

(A) LE29GIH: 36 bases 

(B) TJ^FS: nucleic acid 

(C) STRANDITNESS: single 

(D) TQPQDXV; linear 

(ii) ynrmTLE tope: sscna 

(iii) ROOZSSEIZCAL: NO 
(iv) ANn-SSiSS: YES 



(xi) SEQUENCE DESCRIF3ZGN: SEQ ID N0:28 : 



lAGAGICdG AGGGAATTOS GACAG035GS AAS8IG 



36 
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( 29) INFQFMAXZGH TOR SEQ ZD Na:29 : 

(i) s ujumcs cHARAcmasncs: 

(A) IfilSXH: 48 bases 

(B) nPE: nucleic acid 

(C) SISANDECNESS: single 

(D) TOFQlOSr: linear 

(ii) ICESCUZZ TIPEi SSDUk 



(iii) IfiSOZKQIC»L: ITO 
(iv) ANZI-S£KSE: NO 



(Xi) SEQOENCS DESCStZFIXGN: SEQ ID N0:29: 

ujmjiuji ' i ' TPva bciTiu ggszcs^aocc Tac n gicA casicxoc 48 

(30) Z21FaE9ffiXZON FOR SEQ ID N0:30 : 

(i) SECPENCE CHASACIEBZSIICS: 
(A) ZSISIH; 33 bases 
(6) TilPE: nucleic acid 

(C) sigaNDECWESSt Single 

(D) TOPGiajY: Unpnr 

(ii) ynrmiLE Tgs; ssona 
(iii) H mjiamc ftL; no 

(iv) Mm-SE2]SE: YES 



(xi) SBQUE23CB DESCS3ITICN; SEQ ZD N0:30: 

AAGczToaGr GGi^azioaT TO O ooG Ga ai cac 



33 
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CLAIMS : 



!• A method for producing a double- or single-stranded 
5 DNA of formula 

5' F1-M-F2 3' 

encoding an antibody chain or fragment thereof in which at 
10 least one of the complementarity determining regions (CDRs) 
of the variable region of the antibody chain is derived from 
a first mammalian antibody, and the framework of the 
variable region is derived from a second , different 
mammalian antibody, wherein M comprises DNA encoding a CDR 
15 of the second antibody and Fl and F2 respectively encode 5' 
and 3' sequences flanking M, which method comprises; 



20 



(i) preparing a single- or double-stranded DNA template of 
the formula 

5' fl-H-f2 3' 



wherein H comprises DNA encoding a CDR of a different 
specificity from M and fl and f2 are substantially 
25 homologous to Fl and F2 respectively; 

(ii) obtaining DNA oligonucleotide primers A, B, C and D 
wherein 

30 A - comprises a sequence a^ which has a 5' end 
corresponding to the 5' end of Fl and which is 
identical to a corresponding length of the sequence 
Fl, is oriented in a 5' to 3' direction towards H; 

35 B consists of the sequence 



/ 
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wherein 

- comprises a sequence complementary to a 
corresponding length of M and has a 3' end which is 
complementary to the 5' end of and 

- b- is complementary to a sequence of corresponding 
length in and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F*; 

C consists of the sequence 

5' c*-c^ 3' 

15 wherein 

c^ comprises a sequence identical to the corresponding 
length of M and has a 3' end which corresponds to the 
3 ' end of M, and 

c^ is identical to a sequence of corresponding length 
20 in F2 and has a 5' end which starts at the nucleotide 

corresponding to the 5' end of F2; 

D - comprises a sequence d" which has a 5' end 
complementary to the 3' end of F2 and which is 
25 complementary to a corresponding length of F2, and 

- is oriented in a 5' to 3' direction towards H; 

and wherein b* and c* overlap by a length sufficient to 
permit annealing of their 5' ends to each other under 
30 conditions which allow a polymerase chain reaction (PGR) to 
be performed; 



35 



(iii) performing, in any desired order, PCR reactions with 
primer pairs A,B and C,D on the template prepared in 
(i) above; and 



wo 92/07075 



PCT/GB91/01744 



53 

(iv) mixing the products obtained in (iii) above and 
performing a PCR reaction using primers A and D. 

2. A method according to claim 1 wherein Fl and F2 each 
5 encode at least one human antibody framework region , and 

optionally further CDRs. 

3. A method according to claim 1 or 2 wherein H encodes 
a CDR of the said firsr antibody, 

10 

4. A method according to any one of the preceding claims 
wherein M encodes a non-human CDR region. 

3. A method according to claim 4 wherein M encodes a 
15 murine or rodent CDR. 

6. A method according to any one of the preceding claims 
wherein the primers A and D contain at least one restriction 
endonuclease recognition site within 10 nucleotides of their 

20 5' ends. 

7. A method according to any one of the preceding claims 
wherein^ in the primers B and C, b^ and c^ are the same 
number of nucleotides in length. 

25 

8. A method according to any one of the preceding claims 
wherein primers A, B, C and D are each from 15 to 200 
nucleotides in length. 

30 9. A method according to claim 8 wherein a^ b-, c^ and d* 
of primers A, B, C and D respectively are each from 15 to 30 
nucleotides in length. 

10. A method for the production of a humanised antibody 
35 wherein at least one of the CDR regions of a human antibody 
light or heavy chain is replaced by a method according to 
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any one of the preceding claims. 

11. A merhod according to claim 10 wherein all three CDR 
regions are replaced. 

5 

12. A method according to any one of the preceding claims 
which further includes the introduction of the DNA obtained 
into an expression vector. 

10 13. A method according ro claim 12 which further includes 
the introduction of the expression vector into a host cell. 

14. A method according to claim 13 wherein the host cell 
is a Chinese Hamster Ovary (CHO) cell or a myeloma cell. 

15 

15. A method according to claim 13 or 14 which further 
includes expression of the ONA obtained and recovery of the 
expressed product. 

20 16. An oligonucleotide 3 0 to 110 nucleotides in length 
which consists of the sequence: 

5' o*-o^ 3' 

25 wherein o' comprises at least 15 nucleotides of a sequence of 
a CDR region of non*-*human origin and o^ comprises at least 15 
nucleotides of a framework region of human origin. 

17. A method for producing a double- or single-stranded 
30 DNA of formula 

5' ri-Ml-F2-M2-F3-M3-F4 3' 

encoding an antibody chain or fragment thereof in which the 
35 three complementarity determining regions (CDRs) of the 
variable region of the antibody chain are derived from a 
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firsr maininalian antibody, and the four framework regions of 
the variable domain are derived from a second, different 
mammalian antibody, wherein Ml, M2 and M3 comprise DNA 
encoding CORs of the second antibody and Fl, F2, F3 and F4 
5 comprise framework sequences flanking the CDRs Ml, M2 and 
M3, which method comprises; 



(i) preparing a single- or double- stranded DNA template of 
the formula 

10 

5' f l-Hl-f2-H2-f3-H3-f4 3' 



Wherein HI, H2 and H3 comprises DNA encoding CDRs of a 
different specificity from Ml, M2 and M3, and fl, f2, f3 and 
15 f4 are substantially homologous to Fl, F2, F3 and F4 
respectively ; 



20 



(ii) obtaining DNA oligonucleotide primers A, B, C, D, E, 
F, G and H wherein 



A - comprises a sequence a^ which has a 5' end 
corresponding' to the 5' end of Fl and which is 
identical to a corresponding length of the sequence 

Fl; 

25 - is oriented in a 5' to 3' direction towards HI; 

B consists of the sequence 



5' b»-b^ 3' 

30 wherein 

- b' comprises a sequence complementary to a 
corresponding length of Ml and has a 3' end which is 
complementary to the 5' end of Ml, and 

- b^ is complementary to a sequence of corresponding 
35 length in F^ and has a 5' end which starts at the 

nucleotide complementary to the 3' end of Fl; 
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C consist:s of the sequence 

5/ c*-c^ 3' 

5 wherein 

- comprises a sequence identical to the corresponding 
length of and has a 3' end which corresponds to the 
3' end of M^ and 

- c^ is identical to a sequence of corresponding length 
10 in F2 and has a 5' end which starts at the nucleotide 

corresponding to the 5' end F2; 

D consists of the sequence 

15 5' d'-d^ 3' 

wherein 

- d^ comprises a sequence complementary to a 
corresponding length of M2 and has a 3' end which is 

20 complementary to the 5' end of M2, and 

- d^ is complementary to a sequence of corresponding 
length in F2 and has a 5' end which starts at the 
nucleotide complementary to the 3' end of F2; 

25 E consists of the sequence 

5/ Qi-e^ 3' 

wherein 

30 - e* comprises a sequence identical to the corresponding 

length of M2 and has a 3' end which corresponds to the 
3' end of H2, and 

- e^ is identical to a sequence of corresponding length 
in F3 and has a 5' end which starts at the nucleotide 

35 corresponding to the 5' end F3; 
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F consists of the sequence 
5 wherein 

comprises a sequence complementary to a 
corresponding length of M3 and has a 3' end which is 
complementary to the 5 ' end of H3, and 

- f^ is complementary to a sequence of corresponding 
10 length in F3 and has a 5' end which starts at the 

nucleotide complementary to the 3' end of F3; 

6 consists of the sequence 
15 5' g^-g2 3' 

wherein 

- g^ comprises a sequence identical to the corresponding 
length of M3 and has a 3' end which corresponds to the 

20 3' end of M3, and 

g^ is identical to a sequence of corresponding length 
in F4 and has a 5' end which starts at the nucleotide 
corresponding to the 5* end F4; 

25 H - comprises a sequence h' which has a 5' end 
complementary to the 3' end of F4 and which is 
complementary to a corresponding length of F4, and 
* is oriented in a 5' to 3' direction towards H3; 

30 and wherein the pairs and d' and e\ and f* and g* 

overlap by a length sufficient to permit annealing of their 
5' ends to each other under conditions which allow a PGR to 
be performed; 

35 (iii) performing, in any desired order, PGR reactions with 
primer pairs A,B; C,D; E,F; and G,H on the template 



wo 92/07075 



PCr/GB91/01744 



58 

prepared in (i) above to obtain DNA fragments AB, CD, 
EF and GH; and 

(iv) splicing the fragments obtained in (iii) above to 
5 obtain the desired DNA. 

18. A method according to claim 17 wherein F4 comprises 
framework sequence flanking the CDR M3 and DNA encoding all 
or part of the contact region of the antibody chain. 

10 ^ 

19. A method according to claim 17 or 18 wherein step (iv) 
is performed by: 

(iva) mixing fragments AB and CD with primers A and D 
and performing a PCR to obtain a DNA fragment AD; 
15 (ivb) mixing, before, during or following step (iva) 

above, fragments EF and GH with primers E and H 
and performing a PCR to obtain a DNA fragment EH; 
and 

(ivc) mixing fragments AD and EH with primers A and H 
20 to obtain the desired DNA. 

21. A method according to claim 17* or 18 wherein step (iv) 
is performed by: 

(iva) mixing fragments CD and EF with primers C and F 
25 and performing a PCR to obtain a DNA fragment CF; 

and EITHER: 

(ivb-1) mixing fragments AB and CF with primers A and F 
and performing a PCR to obtain a DNA fragment AF; 
and 

30 (ivc-1) mixing fragments AF and GH with primers A and H 

to obtain the desired DNA; OR: 
(ivb-2) mixing fragments CF and GH with primers C and H 
and performing a PCR to obtain a DNA fragment CH; 
and 

35 (ivc-2) mixing fragments AB and CH with primers A and H 

to obtain the desired DNA. 
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